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Abstract

AIM: To investigate the role of NF-«B in the pathogenesis
of TNBS-induced colitis in rats.

METHODS: Thirty-two healthy adult Sprague-Dawley (SD)
rats were randomly divided into four groups of eight each:
normal, NS, model I, model II groups in our study. Rat
colitis model was established through 2-,4-,6-trinitrobenzene
sulfonic acid (TNBS) enema. At the end of four weeks,
the macroscopical and histological changes of the colon
were examined and mucosa myeloperoxidase (MPO)
activities assayed. NF-xB p65 expression was determined
by Western blot assessment in cytoplasmic and nuclear
extracts of colon tissue, and the expressions of TNF-a.
and ICAM-1 protein in colon tissue were examined by
immunohistochemistry. The relativities between expression
of NF-xB p65 and other parameters were analyzed.

RESULTS: TNBS enema resulted in pronounced pathological
changes of colonic mucosa in model II group (macroscopic
and histological injury indices 6.25+1.39 and 6.24+1.04,
respectively), which were in accordance with the significantly
elevated MPO activity (1.69+0.11). And the nuclear level
of NF-xB and expression of TNF-a, ICAM-1 in rats of
model II group were higher than that of normal control
(9.7£1.96 vs 1.7+0.15, 84.09+£14.52 vs 16.03+6.21,
77.6948.09 vs 13.41+4.91 P<0.01), Linear correlation
analysis revealed that there were strong correlations
between the nuclear level of NF-xB and the tissue positive
expression of TNF-a and ICAM-1, MPO activities,
macroscopical and histological indices in TNBS-induced
colitis, respectively (= 0.8235, 0.8780, 0.8572, 0.9152,
0.8247; P<0.05).

CONCLUSION: NF-xB plays a pivotal role in the
pathogenesis of ulcerative colitis, which might account
for the up-regulation the expression of TNF-a. and ICAM-1.
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INTRODUCTION

Ulcerative colitis (UC), a major inflammatory bowel disease
(IBD), is chronic inflammatory disorder of the gastrointestinal
tract. Although the exact etiology and pathogenetic
mechanisms remain obscure, dysregulated immune and
inflaimmatory responses have been recognized as involved
in the pathogenesis of IBD!"*. Thete is substantial evidence
that both proinflammatory cytokines-adhesion molecules
and other inflaimmatory mediators including tumor necrosis
factor (TNF-a) and intercellular adhesion molecule-1
(ICAM-1) exhibit a key role in the inflammatory processP”.
Their increased production in the intestinal mucosa is thought
to be an important factor in the pathophysiology of intestinal
inflammation in UC. However, the pivotal elements in the
regulation of the increased inflammatory activity remains
unclear.

Thus, the focus of recent researches have been on the
identification of signaling pathways and transcription
factors that bind to gene promoter regions and govern
proinflammatory cytokines and mediators gene transcription
in UC. Recent studies have demonstrated that NF-kB is a
key transcription factor of lymphocytes and macrophages
with important regulatory functions in the immune system
and inflammatory processes®'”. These functions ate at least
partially based on its ability to regulate the promoters of a
variety of genes whose products, such as cytokines,
adhesion molecules and acute phase proteins, are critical
for inflammatory processes. And this factor is formed by
several different dimers of members of the Rel family,
which include NF-kB1 (p50), NF-kB2 (p52), RelA (p65),
RelB, and C-Rel"'?. The heterodimers composed of the
subunits NF-kB1 and RelA are the most frequent and active
forms of NF-kB!'3. Characteristically, NF-kB proteins are
sequestered in the cytoplasm as a result of retention by a
class of inhibitory proteins, referred to as the IkB family!™.
On stimulation, IxkBa is phosphorylated and proteolytic
degradation takes place rapidly. The free NF-xB is then
translocated to the nucleus and bound to decameric DNA
sequences and activated transcription of target genes!*!*!7,
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In the present study, we investigate whether increased
activation of NF-xB is important in TNBS-induced colitis
in rats and attempt to demonstrate the regulating role of
NF-xB in inflammatory response.

MATERIALS AND METHODS

Animals and experimental protocol
Thirty-two healthy adult Sprague-Dawley (SD) rats of both
sexes, weighing 150-200 g, obtained from the Experimental
Animal Center of Wuhan University, were housed under
specific pathogen-free conditions, and allowed access to
standard rat chow and water. Before the experiments, they
were acclimatized to the surroundings for one week. The
study protocol was in accordance with the guideline for
animal research and was approved by the Ethical and
Research Committee of the hospital. Rat model of colitis
induced with 2-,4-,6-trinitrobenzene sulfonic acid (TNBS,
Sigma Cotporation) enema is desctibed in the literature!™®.
Thirty-two experimental animals were randomly divided into
four groups of eight each: normal control group, NS group
treated with saline enema, and model I and II groups
inflicted with TNBS/40% ethanol enema at doses of 50
and 150 mg/kg, tespectively. At the end of four weeks, the
animals were killed and the colon samples were collected.
Colon tissues were fixed in 4% paraformaldehyde,
dehydrated and paraffin-embedded. Four-micrometer
sections were cut transversely and stained with hematoxylin
and eosin. Colon macroscopic and histological damage
indices were evaluated by an independent pathologist at
random as reported previously™. At the same time, colon
samples from the same sites were also obtained and frozen
immediately in liquid nitrogen for subsequent Western
blot analysis for NF-kB p65 protein and MPO activity
determination.

Extracts and Western blot analysis

Colon samples were snap frozen in liquid nitrogen at the
time of removal and later mechanically homogenized in
liquid nitrogen. Nuclear and cytoplasmic extracts were
prepared by adaptation of previously described techniques
through freeze/thaw cycles between crushed ice and liquid
nitrogen™?. Cytoplasmic extracts were collected in an
aqueous buffer containing 10 mmol/L Hepes (pH7.9),
1.5 mmol/T. MgCl,, and 10 mmol/L KCl. Nuclear extracts
wete prepared by solubilizing the remaining nuclei in a buffer
containing 20 mmol/L Hepes (pH7.9), 420 mmol/L NaCl,
1.5 mmol/L MgCl,, 0.2 mmol/L EDTA and 25% glycerol.
Both buffers were supplemented with 1 mmol/L dithiothreitol,
0.5 mmol/L phenylmethanesulfonyl fluoride, 1 pg/mL
aprotinin, 1 pg/mL pepstatin, 1 mmol/L benzamidine,
1 mmol/L sodium vanadate, and 1 mmol/L NaF. And
colon tissues from the same sites were homogenized for
the assessment of total tissue concentrations of NF-kB
P65 protein. Protein concentration of samples were assessed
using the method of Bradford protein assay, and all samples
were adjusted to an equal protein content before analysis.
Samples (20 pg of total protein) were separated on a 12%
denaturing polyacrylamide gel. Separated proteins were
transferred to a nitrocellulose membrane (20 V, 90 min;

transfer buffer 25 mmol/L Tris, 190 mmol/L glycine, 20%
methanol, 0.5% sodium dodecyl sulfate) by electroblotter
(Bio-rad Corporation). The membrane was placed into
blocking buffer (5% non-fat milk in 20 mmol/L Tris/HCI,
pH7.6, 140 mmol/L NaCl, 0.5% Tween 20) for 1 h at
room temperature. Blocking buffer was decanted and
the membrane was incubated with the primary antibody
(1:1 000 diluted in blocking buffer, Sigma Corporation) on
a shaker at 4 ‘C overnight. After being washed (20 mmol/L
Tris/HCI, pH7.6, 140 mmol/L NaCl, 0.1% Tween 20), the
membrane was incubated with a peroxidase conjugated
secondary antibody, which was diluted in 5% non-fat milk
in wash buffer (1 h; room temperature; gentle shaking).
Being washed, the membrane was exposed to sensitive film
several minutes after incubating in Western blotting luminol
reagent (Cell Signal Corporation). The bands were quantified
by densitometry.

Immunohistochemistry detection

The expression of TNF-a and ICAM-1 in colon tissue was
exhibited immunohistochemically, in which the employed
primary polyclonal antibody was 1:100 rabbit-anti-rat-TNF-ou
and 1:50 goat-anti-rat-ICAM-1 (Santa Cruz Biotechnology
Corporation), and the second antibody was biotinylation
goat-anti-rabbit IgG and rabbit-anti-goat IgG, respectively.
The slide was developed in 0.05% freshly prepared
diaminobenzidine solution for several minutes, and then
counterstained with hematoxylin. The expression of target
protein was further semiquantitated according to the
percentage of positively-stained cells and positive cell
density. In each slide, the number of positive cells was
determined in 16 D ocular micrometer (area of 0.1024 mm?,
magnificationx400) in 10 different areas, the average was
positive cell density.

Myeloperoxidase assay

Colon samples were weighed and homogenized in a
solution prepared from the assay kit (Nanjing Jiancheng
Bioengineering Co. Ltd, China), and homogenates of 5%
were obtained and used for MPO assay. MPO can catalyze
the redox reaction of H,O, and 3, 3, 5, 5-tetramethylbenzidine,
and produces yellow colored compounds through whose
absorbance at 460 nm MPO activity was calculated and
expressed as U/g wet tissue. One unit of MPO activity was
defined as the quantity of enzyme that degraded 1 pmoL
H,O, at 37 C per g wet tissue.

Statistical analysis

Experimental results were analyzed by one-way ANOVA
and #-tests for multiple comparisons between groups.
Linear correlation analysis was performed to investigate
the relationship between activity of NF-kB and other
parameters. Data were finally expressed as meantSE of
the mean. P value less than 0.05 was considered statistically
significant.

RESULTS

Macroscopic and histological evidence of inflammation
Pronounced pathological changes of colonic mucosa similar
to that in human IBD were observed in rats with colitis
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induced by TNBS enema. Most animals inflicted with
TNBS enema had disease limited to the rectum and
rectosigmoid, some had disease extending beyond the
sigmoid or had total colitis. The changes were most severe
in the rectum and extended for a variable extent around
the colon. The mucosa was hyperemic, edematous, and
granular, and some small punctate ulcers were visible. In
some samples, the ulceration was linear along the line of
the teniae coli, exuberant regeneration of the epithelium
was found in the colon. The inflammation was predominantly
confined to the mucosa, and the lamina propria became
edematous and the capillaries are dilated and congested,
the ulcers were deep and undermine the surrounding
epithelium. There was an inflammatory infiltrate of
neutrophils, lymphocytes, and macrophages. Eosinophils and
mast cells were also present in increased numbers. The colon
mucosal macroscopic and histological injury indices were
significantly increased in these experimental animals
compared with normal controls (P<0.01). Colonic MPO

Table 1 Macroscopical and histological damage indices and MPO
activity in rats (n = 10)

Group Macroscopical Histological MPO activity (U/g)
Normal control 0.75+0.71 1.13+0.83 0.31+0.08

NS group 1.63+0.74 1.38+0.52 0.39+0.07
Model groupI 2.00£0.76* 3.88+0.99> 0.71+0.06>
Model group II 6.25+1.39"44 6.24+1.04°44 1.69+0.11°4

*P<0.01 vs normal control; P<0.01 vs NS group; ‘P<0.01 vs model group L.

Figure 1 HE staining showed inflammatory infiltration of colon
tissue in model groupx200. A lot of inflammatory cells infiltrated
into the colon tissue.
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Figure 2 levels of NF-kB p65 in colon tissue of rats with TNBS-
indued colitis.

activities of rats in model group were significantly increased
compared with normal group and NS group (P<0.01,
Figure 1 and Table 1).

Western blot of NF-xB P65

Nuclear level of NF-kB p65 protein were evaluated by
Western blot in colonic samples. Rats of model group 11
(150 mg/kg TNBS enema) exhibited higher levels of nuclear
NF-kB p65 than those of model group I (50 mg/kg TNBS
enema), NS group, and normal group (P<0.01). In rats of
model group I, more nuclear NF-kB p65 was found than
that of normal controls (P<0.01), but no statistical difference
was seen in comparison with NS group. But total levels of
NF-kB p65 in colon tissues from the same sites were not
different in rats of model group, NS group and normal
controls (Figures 2, 3).

Expression of TNF-c and ICAM-1 in colon tissue

The TNF-a and ICAM-1 negatively expressed cells were
manifested as blue-stained nuclei and the positive cell was
with brown-yellow cytoplasma or nuclear membrane.
Colonic TNF-o and ICAM-1 positive expressions were
mainly observed on monocytes, neutrophils and there was
also a sparse distribution in epithelial cells and vascular
endothelial cells. The positive cells were predominantly
located within the mucosa and mucosa lamina propria
(Figures 4, 5). The expression of TNF-a and ICAM-1 in
colon tissues were significantly increased in rats inflicted
with TNBS enema compared with that of the NS group
and normal controls (Table 2, P<0.01).

Relativity analysis between TNF-a~ICAM-1, MPO, mucosal
damage indices and NF-«xB P65

Linear correlation analysis showed that a strong relativity
existed between the levels of nuclear NF-kB p65 and the
positive expression of TNF-a and ICAM-1, MPO activity,
mucosal damage indices in TNBS-induced colitis. (»= 0.8235,
0.8780, 0.8572, 0.9152, 0.8247; P<0.05).

Figure 3 Western blotting showed levels of NF-kB P65 in colon
tissue of rats. A: Rats of model group Il exhibited higher levels of
nuclear NF-xkB P65 than others; B: total levels of NF-xB P65 were
not different in rats. Lanes 1-4: model Il, model I, NS, normal groups.
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Figure 4 Immunohistochemical staining for TNF-a protein
expression. SPx200. A: TNF-a protein expression in normal group;
B: TNF-o. expression in model Il group. The number of TNF-o. immu-
noreactive positive cells in model group was significantly more than
that of normal controls.

DISCUSSION

High levels of circulating and mucosal proinflammatory
molecule ate a chatractetistic feature of IBD??9. Both
TNF-a and ICAM-1 have been suggested to be important
mediators involved in the initiation and perpetuation of
intestinal inflammation in UCF™*, Infiltration and petsistence
of inflammatory cells within tissues are hallmarks of UC.
Recruitment and activation of these cells to the inflammatory
focus are multifactorial events involving adhesion of
circulating cells to the vascular endothelium followed by
tissue migration, and ICAM-1 is an active participant in
mediating leukocyte adhesion to endothelial and epithelial
cells. We confirmed that colon tissue obtained from rats
with TNBS-induced colitis exhibited significantly more TNF-
o and ICAM-1 expressions than normal and negative
controls. This finding supported the idea that
proinflaimmatory molecules participate in the occurrence
and development of UC.

However, the pivotal factors in modulation of
proinflammatory molecule synthesis remain unknown.
Important candidates are transcription factors that bind to

Table 2 Expression of TNF-a and ICAM-1 in colon tissue (n = 10)

Group TNF-a. (positive density) ICAM-1(positive density)
Normal control 16.0316.21 13.41+4.91
NSgroup 20.04£6.76 17.50£6.95
Model groupI 53.4048.79> 47.01+8.82>
Model group II 84.09+14.5204¢ 77.6948.0941

*P<0.01 vs normal control;4P<0.01 vs NS group; ‘P<0.01 vs model group I.

Figure 5 Immunohistochemical staining for ICAM-1 protein
expression. SPx200. A: Expression of ICAM-1 in normal group; B:
Expression of ICAM-1 in model Il group. The ICAM-1 expression was
upregulated markedly in model group.

gene promoter regions and are involved in the regulation
of inflammation gene transcription. Activation of NF-kB
may be a pivotal event in proinflammatory signal transduction.
In most resting cells, transcription factor members of the
Rel-NF-xB are bound to cytoplasmic inhibitory factors
IkBs, and are released on activation induced degradation
of their cytoplasmic inhibitors by the proteasome/ubiquitin
complex"*'. NF-kB p65 hetero- or homodimers migrate
to the nucleus and regulate transcriptional activity by binding
to specific DNA sequences in promoter/enhancer regions
of inflammation genes®>">*). We therefore investigated
the levels of nuclear NF-xB P65 protein and found that
increased amounts of NF-kB P65 protein in nuclear extracts
of mucosal colon samples of rats with TNBS-induced colitis
in compatrison with both those treated with saline enema
and normal controls. The highest levels were seen in rats
inflicted with TNBS at larger dose. Moreover, the protein
concentrations of NF-kB p65 were not different in intestinal
mucosa from rats with TNBS-induced colitis, normal
controls and those treated with saline enema if total tissue
extracts were not separated into cytoplasmic and nuclear
extracts. This finding is expected because activation of NF-kB
results in a shift from the cytoplasm to the nucleus.
Translocation into the nucleus and binding to target DNA
sequences are important events for NF-kB to control
transcription process. Genes regulated by NF-xB include
those encoding IL-2-1L.-6—1L-8-the IL.-2 receptor-the 11-12
p40 subunit- VCAM-1-ICAM-1-TNF-a, e#e. And studies
have also shown that the ICAM-1 and TNF-a. gene promoter
have binding sites for NF-«B. In our study, we observed
that a strong relativity existed between the levels of nuclear
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NF-kB p65 and the positive expression of TNF-a and
ICAM-1. These findings suggested that the heightened
activation of NF-xB could be a major regulator of
proinflammatory molecule synthesis and secretion in UC.

Our studies also observed that there was a positive
relativity between the levels of nuclear NF-xB p65 and
mucosal damage indices and MPO activity, which was
considered as a marker of inflaimmation in colitis®**". The
results suggested that levels of nuclear NF-kB could reflect
severity of diseases and be potentially helpful for us to
evaluate therapeutic efficacy.

In summary, our studies suggested that activation of
NF-kB may serve a center function as a key factor in the
pathophysiology of chronic intestinal inflammation. Activation
of NF-kB up-regulated the expression of proinflammatory
molecule including TNF-a and ICAM-1 and participated
in the occurrence and development of TNBS-induced
colitis. Although further studies are needed to explore the
specific mechanisms of activation and regulation, NF-kB
could be a good target for therapy in UC, undoubtedly.
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